Dialysis provides effective and safe treatment of ESRD in children, but patients who are maintained on chronic dialysis are at risk for cardiovascular disease. One major risk factor for cardiovascular disease in adult patients with ESRD is chronic inflammation. The effect of anti-inflammatory therapy with aspirin on serum cytokine concentration was studied in seven children who were receiving hemodialysis (HD) and seven who were receiving continuous cycling peritoneal dialysis (CCPD or PD). A lthough the advent of dialysis provides effective and safe treatment of ESRD in pediatric patients, children who are maintained on long-term dialysis are at risk for significant cardiovascular disease (CVD). Although many CVD risk factors have not been studied in the pediatric dialysis population, studies in adult patients with ESRD demonstrate that cardiovascular calcifications and inflammation (1), abnormal calcium-phosphorus metabolism (2), and malnutrition (3) play a role in CVD development.
A lthough the advent of dialysis provides effective and safe treatment of ESRD in pediatric patients, children who are maintained on long-term dialysis are at risk for significant cardiovascular disease (CVD). Although many CVD risk factors have not been studied in the pediatric dialysis population, studies in adult patients with ESRD demonstrate that cardiovascular calcifications and inflammation (1) , abnormal calcium-phosphorus metabolism (2) , and malnutrition (3) play a role in CVD development.
A burgeoning area of research in the past decade has focused on the role of inflammation in dialysis patients. Inflammation, mediated by proinflammatory cytokines, contributes substantially to morbidity and mortality (4 -8) in adult patients with ESRD. We previously showed that the proinflammatory cytokines IL-1␤ and TNF-␣ increased significantly after hemodialysis (HD), whereas there was only a mild increase in the antiinflammatory cytokine IL-10, suggesting an imbalance of cytokine production favoring the proinflammatory response. Consistent with the enhanced inflammatory state were the elevated C-reactive protein levels in a majority of the patients whom we studied (9) and that the degree of inflammation correlated with the number of years that patients lived with ESRD (dialysis vintage). A recent study showed that there is increased oxidant stress and early cardiovascular damage in children with various stages of renal insufficiency, although the cohort included only a small number of patients who were receiving dialysis (10) . On the basis of our previous studies, we decided to perform a pilot study to assess the anti-inflammatory capacity of daily, low-dosage aspirin on serum cytokine concentrations in children who were receiving maintenance HD or peritoneal dialysis (PD).
Materials and Methods

Patients
All patients who had been receiving either maintenance HD or continuous cycling PD (CCPD) for at least two consecutive months in the Texas Children's Hospital Renal Dialysis Unit were eligible to enroll in the study. Informed consent was obtained from each patient's parent, and assent was obtained from each patient who was older than 14 yr before study enrollment. The Institutional Review Boards from both Baylor College of Medicine and Louisiana State University Health Sciences Center approved the study protocol before its initiation. Patients were selected to ensure inclusion of a wide spectrum of pediatric ages, with similar mean age and range between the two groups that were receiving HD and PD. Patients were excluded from the study for the following reasons: (1) Evidence of inflammation and/or infection; (2) anticipated change in dialysis modality or renal transplantation in the subsequent 6 mo; (3) return to dialysis from renal transplantation or switch in dialysis modality in the preceding 6 mo; or (4) recent or current use of other anti-inflammatory agents (e.g., ibuprofen, corticosteroids) or lipid-lowering agents (e.g., hepatic hydroxymethyl glutaryl CoA reductase inhibitors), the latter of which may affect serum cytokine concentrations (11) .
Dialysis Prescription
We performed monthly HD and at least quarterly CCPD adequacy assessment in accordance with the Texas Children's Hospital Renal Dialysis Unit clinical practice during the course of study. We adjusted dialysis prescriptions as needed to deliver a single-pool Kt/V (spKt/V) of Ն1.4 for HD patients and weekly total Kt/V Ն2.1 for CCPD patients.
spKt/V was calculated using formal urea kinetic modeling. Equilibrated Kt/V (eKt/V) was estimated using the logarithmic extrapolation method described by Goldstein and Brewer (12) .
Aspirin Intervention
Study patients received 4 mo of daily baby aspirin (81 mg) therapy during the course of study after a positive varicella titer confirmation. All patients tolerated aspirin therapy without any adverse effects (e.g., dyspepsia, nausea, vomiting, gastrointestinal bleeding, rash). During school days, a school nurse verified aspirin administration. On weekends and other nonschool days, families and patients were responsible for aspirin therapy compliance. During this time, the patients were dialyzed exclusively with polymethylmethacrylate membranes.
Cytokine Level Measurement
Blood for analysis of serum cytokines was obtained before a routine, midweek HD treatment. OptEIA assay kits to measure human cytokines were purchased from BD PharMingen (San Diego, CA). The sensitivity/recovery for the ELISA kits were as follows: IL-1␤ 3.9 pg/ml/80 to 94%; IL-6 2.2 pg/ml/88 to 100%; IL-8 0.8 pg/ml/97 to 102%; TNF-␣ 2 pg/ml/89 to 93%; IL-2 1 pg/ml/88 to 95%; IL-4 2 pg/ml/89 to 91%; and IL-10 2 pg/ml/89 to 90%. In general, the protocol for the analysis of each cytokine was similar. For each cytokine, all patient samples from each study period were analyzed simultaneously with an identical set of control samples. Briefly, all patient serum samples and reagents were brought to room temperature. First, standards were prepared from a 500-pg/ml stock. The appropriate dilutions were made to establish a standard curve. Fifty microliters of ELISA diluent was pipetted into each well of the 96-well plates. Then, 100 l of the standards and samples (all done in duplicate) were pipetted into wells and mixed with the diluent. The plate was shaken gently and covered with a plate sealer, and the samples were incubated for 2 h at room temperature. After incubation, the standards and samples were aspirated from the wells and washed with buffer. A total of 100 l of a solution that contained a detection antibody (avidinhorseradish peroxidase conjugate) preserved in 0.15% Pro-Clin-150 then was added. This was incubated for 1 h at room temperature. The wells then were washed with buffer, and 100 l of 3,3Ј,5,5Ј-tetramethylbenzidine subsequently was added. The plate then was incubated in the dark at room temperature for 30 min. Afterward, 50 l of a solution that contained 1 M phosphoric acid was added. Absorbance was read at 450 nm. Results initially were calculated by OD and converted to pg/ml by log-log computation with application according to the standard curve (9) .
Statistical Analyses
Potential associations between Kt/V, dialysis patient vintage, or serum albumin and pre-and posttreatment serum cytokine concentrations were assessed by linear regression analysis. The effect of aspirin treatment on cytokine production was evaluated by one-way ANOVA or the t test, the latter comparing pretreatment cytokine concentration separately with concentration after 2 and 4 mo of aspirin treatment. Significance is defined as P Ͻ 0.05.
Results
Patient Demographics
Fourteen patients were entered into the study. Seven were receiving HD, and seven were receiving PD. The general patient characteristics are shown in Table 1 . Mean dialysis vintage was 4.3 Ϯ 4.6 yr (range 2 mo to 17.2 yr). Mean HD spKt/V was 1.46 Ϯ 1.4, mean eKt/V was 1.27 Ϯ 0.16, and CCPD weekly Kt/V was 2.45 Ϯ 0.30. Kt/V values did not differ significantly for any patient or for all patients in each modality during the course of study.
Baseline Serum Cytokines and Correlation with Dialysis Data
Pre-aspirin treatment serum cytokine concentrations are listed in Table 2 . Baseline proinflammatory cytokines IL-1␤, IL-6, IL-8, and TNF-␣ serum concentrations were elevated compared with those of age-matched, published control subjects (13) (14) (15) (16) (17) . The baseline serum level of the anti-inflammatory cytokine IL-4 was normal; the anti-inflammatory IL-10 was mildly elevated compared with that of published control subjects, although to a lesser extent than the proinflammatory cytokines. The patterns of cytokine elevation were similar for patients who were receiving HD versus PD, and no significant difference was observed in mean serum cytokine concentration for any of the cytokines for HD versus PD patients.
At baseline, both IL-4 concentration and IL-6 concentrations demonstrated strong positive correlation with dialysis vintage (IL-4 r 2 ϭ 0.38, P Ͻ 0.03; IL-6 r 2 ϭ 0.90, P Ͻ 0.0001), whereas no other serum cytokine level varied with dialysis vintage. Preaspirin serum cytokine concentrations did not vary with spKt/V or eKt/V or HD patients or with weekly Kt/V for CCPD patients.
Serum Cytokines in All Dialysis Patients: Effect of Aspirin Treatment
Proinflammatory Cytokines. The effect of aspirin treatment on serum cytokine concentrations is depicted in Table 2 . Serum IL-8 and TNF-␣ concentrations were significantly reduced by aspirin treatment at 4 mo (P ϭ 0.04 and P ϭ 0.007, respectively). Serum IL-1␤ concentration remained unchanged and serum IL-6 concentration was decreased after 2 and 4 mo of aspirin treatment, although the differences were NS (P ϭ 0.1). Serum IL-2 concentration was normal pre-aspirin treatment and remained stable throughout the treatment period. Anti-inflammatory Cytokines. Serum IL-4 and IL-10 concentrations remained stable throughout the aspirin treatment period. None of the changes was significant.
Serum Cytokines in HD versus PD Patients: Effect of Aspirin Treatment
Proinflammatory Cytokines. The effect of aspirin treatment on serum cytokine concentrations in patients who were receiving HD and PD are depicted in Figures 1 and 2 , respectively, and were no different for any cytokine for patients who were receiving HD versus PD. When analyzed by one-way ANOVA, only serum TNF-␣ concentration decreased significantly with aspirin treatment in HD (P ϭ 0.001) and PD (P ϭ 0.04) patients. However, when the 2-and 4-mo aspirin treatment cytokine concentrations were compared separately with the pretreatment levels (by t test), we observed other interesting results. Serum IL-6 and IL-8 concentrations decreased after 2 and 4 mo of aspirin treatment in HD (but not PD) patients, although the differences were NS. Serum TNF-␣ concentration decreased significantly after 4 mo of aspirin treatment in HD and PD patients compared with both pretreatment and 2-mo values. In a separate analysis, we measured serum cytokines 1 mo after discontinuation of aspirin treatment in HD patients and found that the proinflammatory cytokines IL-6, IL-8, and TNF-␣ remained suppressed.
Anti-inflammatory Cytokines. When analyzed either by one-way ANOVA or t test analysis (pretreatment versus 2-or 4-mo treatment separately), we observed no changes in serum cytokine concentrations in either HD or PD patients. In HD and PD patients, serum IL-4 concentration remained stable throughout the aspirin treatment period. None of the changes was significant. In HD patients, serum IL-10 concentrations were low at all time periods except for 1 mo after completion of aspirin treatment, at which time the absolute value still was relatively low. In PD patients, serum IL-10 concentrations were normal and remained stable throughout the treatment period.
Assessment of the Relationship between Nutritional State and Inflammation
Previous studies showed that there is a potential relationship between nutrition and inflammation in adult patients with ESRD; this topic was reviewed recently (18) . This relationship has not been studied in pediatric patients with ESRD. We assessed the correlation between pre-and post-aspirin treatment serum cytokine and albumin (measured before a routine, midweek dialysis treatment) values in our patients with ESRD; these results are shown in Table 3 . The only correlation that we observed was a strong negative relationship between postaspirin treatment serum albumin and IL-4 concentration (P ϭ 0.01).
Discussion
Cytokines are substances that play an important role in coordinating the inflammatory response of the body to various external and internal stimuli (19) . There are two classes of cytokines: Proinflammatory and anti-inflammatory (20 -24) . The proinflammatory cytokines are essential to initiate defense against various pathogens. In certain conditions, there is an overproduction of the proinflammatory cytokines, and the result may be counterproductive (25, 26) . The anti-inflammatory cytokines downregulate the inflammatory process, in part by suppressing production of the proinflammatory cytokines, and therefore help to balance the inflammatory response (27, 28) . Similar to the proinflammatory cytokines, excess secretion of anti-inflammatory cytokines may have deleterious effects on organ function (29, 30) . The proinflammatory cytokines include IL-1␤, IL-6, IL-8, TNF-␣, and IL-2, and the anti-inflammatory cytokines include IL-1 receptor antagonist, IL-4, IL-10, and IL-13 (19 -30). a Compared with published age-matched values, all pretreatment proinflammatory cytokine serum concentrations were elevated; after 4 mo of aspirin therapy, the concentration of several proinflammatory cytokines declined, with significant decreases observed for IL-8 and TNF-␣. Serum anti-inflammatory cytokine concentrations were similar to those of agematched control subjects and were unaffected by aspirin therapy.
b References for normal values for age: IL-1␤, TNF-␣, and IL-6 (13); IL-8 (15); IL-2 (16); IL-4 (17); and IL-10-Katayama (14) .
Proinflammatory markers such as C-reactive protein and IL-6 are reliable predictors of CVD in adult dialysis patients (31) . There are several reasons to explain the increase in CV risk in ESRD, including alterations in calcium and phosphate metabolism and malnutrition (1-3) . In fact, we recently reported two cases of malnourished pediatric dialysis patients who had ESRD and cardiac calcifications and whose underlying disease was ANCA vasculitis. We suggested that the combination of malnutrition, inflammation, and ESRD led to these calcifications, which had not been reported previously in pediatric Figure 1 . Effect of aspirin (ASA) on serum cytokine concentration in hemodialysis (HD) patients. Serum cytokine concentration were measured in HD patients using polymethylmethacrylate membranes before initiation of aspirin treatment (Ⅺ) or after 2 (u) or 4 mo (f) of aspirin treatment or one month after treatment was discontinued (checkered bars). Pretreatment IL-1␤, IL-6, IL-8, and TNF-␣ were significantly higher than those in age-matched control subjects (shown with red horizontal line). Aspirin treatment reduced serum proinflammatory cytokines IL-6, IL-8, and TNF-␣ concentration, but only the change for TNF-␣ at 4 mo of aspirin treatment and 1 mo after treatment reached statistical significance (*P Ͻ 0.05) versus the control condition. The 1-mo posttreatment IL-10 level was significantly higher than all other IL-10 concentrations. Data are mean Ϯ SE.
patients (32) . Recent evidence suggests a cascade of events that result in the chronic proinflammatory condition in ESRD, as a result of persistent stimulation of the immune system. Indeed, our previous study in children showed that immediately and 24 h after dialysis, there is an increase in proinflammatory serum cytokines (9) .
Our pilot study was designed to expand on our previous observations regarding the proinflammatory condition in pediatric patients with ESRD. We measured the serum concentration of seven cytokines. Five of these cytokines are considered to be proinflammatory (IL-1␤, IL-6, IL-8, TNF-␣, and IL-2), and two are anti-inflammatory (IL-4 and IL-10) (19 -30) .
At baseline, both IL-6 and IL-4 were strongly correlated with dialysis patient vintage, which validates data from our previous study. When we combined the data from HD and PD patients, we found that the serum concentration of all of the Figure 2 . Effect of aspirin (ASA) on serum cytokine concentration in peritoneal dialysis (PD) patients. Serum cytokine concentration were measured in PD patients in the morning after a routine dialysis treatment before initiation of aspirin treatment (Ⅺ) or after 2 (f) or 4 mo (speckled bars) of aspirin treatment. Pretreatment IL-1␤, IL-6, IL-8, and TNF-␣ were significantly higher than those in age-matched control subjects (shown with red horizontal line). Aspirin treatment reduced serum IL-6, IL-8, and TNF-␣ concentration, but only the change for TNF-␣ at 2 and 4 mo of aspirin treatment reached statistical significance. Data are mean Ϯ SE.
proinflammatory cytokines studied except IL-2 were markedly higher than that in established, age-matched control subjects (12, 14, 15) . In contrast, the serum concentration of the two major anti-inflammatory cytokines (IL-4 and IL-10) were similar to that in the age-matched control subjects (14, 17) . This indicates that in pediatric dialysis patients, there is an imbalance that favors a proinflammatory state. We also observed that aspirin treatment diminishes the concentration of various proinflammatory cytokines, most significantly IL-8 and TNF-␣.
When we assessed the inflammatory state in HD patients alone, we found that the baseline concentration of four proinflammatory cytokines was markedly increased. In contrast, the serum concentration of the anti-inflammatory cytokines were either normal (IL-4) or slightly higher than that in age-matched, published control subjects (IL-10), although we could not do a statistical comparison with published values. Therefore, similar to the entire dialysis group, our studies suggest that in pediatric HD patients, there is an imbalance toward a proinflammatory state. Treatment with aspirin resulted in decreased concentration of three proinflammatory cytokines: IL-6, IL-8, and TNF-␣. Because of the relatively small number of patients in our pilot study, only serum TNF-␣ significantly decreased in response to aspirin therapy. However, aspirin therapy induced a large decrease in the serum concentration of other proinflammatory cytokines. For example, among all dialysis patients, IL-6 declined by 67.3%. Similarly, aspirin induced a decrease in IL-6 by 77.4% and of IL-8 by 75.4% in HD patients. Finally, IL-8 concentration decreased by 56.6% in PD patients. We suggest that there is evidence for a proinflammatory state that may be attenuated by aspirin treatment in pediatric patients with ESRD.
When analyzed as a separate group, the inflammatory state in PD patients shows similar results to that observed in HD patients. The baseline concentration of four proinflammatory cytokines was markedly increased whereas the concentration of the anti-inflammatory cytokines was similar to that in agematched control subjects. There was a clear imbalance toward a proinflammatory state. Treatment with aspirin resulted in decreased concentration of three proinflammatory cytokines: IL-6, IL-8, and TNF-␣. Similar to the findings in HD patients, only the changes in TNF-␣ were significant, but the data clearly show a trend toward a decrease in several proinflammatory cytokines. It is difficult to assess why aspirin had a greater effect on certain proinflammatory cytokine concentrations (e.g., IL-6, IL-8, and TNF-␣) whereas treatment had no effect on the proinflammatory cytokine IL-1␤. One potential explanation is that although there are stimuli that simultaneously may induce generation of many cytokines, each cytokine is derived from a distinct pathway that may be affected differentially by specific anti-inflammatory agents.
Finally, we considered the possibility that malnutrition may contribute to the proinflammatory state, on the basis of this relationship in adult patients with ESRD (17) . However, we generally found no correlation between pro-or antiinflammatory cytokine concentrations and serum albumin, except for a negative correlation between post-aspirin treatment IL-4 and albumin. We were surprised about the lack of correlation between markers of inflammation and nutrition. One plausible explanation is that albumin may not be the optimal indicator of nutrition in pediatric dialysis patients. Indeed, although albumin often has been used to assess nutrition in adult dialysis patients (18, 33) , studies in children reveal that serum albumin may be affected by hydration and therefore may not be a consistently reliable indicator of nutritional status (34) . Moreover, data from our own unit show serum albumin to be a very poor nutrition status marker in children who have severe protein energy malnutrition and respond to aggressive therapy with intradialytic parenteral nutrition (35, 36) .
There are several limitations to our study. First, our sample size was small, reflecting the general difficulty in performing clinical studies in pediatric dialysis patients while excluding patients with confounding variables (e.g., use of other anti-inflammatory medications) or aiming to study two groups with similar demographic characteristics. Second, instead of measuring cytokine concentrations in our own control subjects, we used age-matched, published control subjects for serum cytokine concentrations. Ideally, we would have preferred to include our own control subjects, but because of frequent minor illnesses in healthy control children, which can affect serum cytokine concentrations, obtaining accurate control subjects in this population can be difficult. However, our patients' mean proinflammatory cytokine levels generally were several-fold greater than those in the published control subjects; therefore, it would be unlikely that our observations were random. Furthermore, these levels are similar to what we saw in our previous study (9) . Finally, the main focus of this study was not to assess cytokine values per se but to assess the effect of aspirin on their levels; because we could not have justified prescribing aspirin therapy to control children, we could not have compared the values after treatment with those of the control subjects. In other words, the control subjects were not essen- a There was no correlation between either pre-or posttreatment cytokine and albumin levels except for a strong negative correlation between posttreatment IL-4 and albumin levels.
b P Ͻ 0.05.
tial for the treatment arm of the study. Our use of albumin as a marker of nutrition in pediatric patients ESRD, despite its widespread acceptance as a marker of nutrition in adult HD patients (18), has not been established fully in pediatric patients with ESRD. Our future studies are designed to assess the usefulness of various markers of nutrition in pediatric patients with ESRD.
Conclusion
Our results show that the serum concentrations of various proinflammatory cytokines are increased in pediatric dialysis patients who receive either HD or PD. This proinflammatory state is not balanced by enhanced generation of anti-inflammatory cytokines, favoring a balance toward a proinflammatory condition. Our study was the first in either pediatric or adult patients to show that low-dosage aspirin therapy decreases the serum concentration of various proinflammatory cytokines with no adverse effects noted. This provides the basis for larger studies to assess the efficacy and the outcome indicators of modifying the chronic, proinflammatory state observed in pediatric dialysis patients.
